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MULTI-LAYER CERAMIC CAPACITOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention concerns a multi-layer ceramic 

capacitor in Which an internal electrode is constituted With a 
base metal and it particularly relates to a multi-layer ceramic 
capacitor using Cu for the internal electrode. 

2. Description of the Related Art 
For multi-layer ceramic capacitors used for electronic 

equipments such as portable equipments and telecommuni 
cation equipments, a demand for reducing the siZe and 
increasing the capacitance has been increased more and more. 
Further, a demand has been increased also for the reliability, 
and a multi-layer ceramic capacitor With a ?at temperature 
characteristic (TC) for permittivity and having a good high 
temperature acceleration life time property characteristics 
(hereinafter referred to as “life time property”) has been 
demanded. 
As means for obtaining the multi-layer ceramic capacitor 

of smaller siZe and large capacitance described above, JP-A 
No. 5-9066, for example, discloses a method of using a non 
reduction dielectric substance porcelain composition. HoW 
ever, various additives are added in such a dielectric substance 
porcelain composition for providing anti-reducing property. 
Therefore, a baking temperature of 1,1000 C. or higher Was 
necessary for sintering the dielectric substance porcelain 
composition. Further, also for the internal electrode, a high 
melting Ni had to be used. 
On the other hand, a multi-layer ceramic capacitor using a 

material capable of being baked at a loW temperature of about 
1,0000 C. in vieW of the energy e?iciency has been proposed. 
For example, JP-A No. 5-217426 discloses a non-reducing 
dielectric substance porcelain composition capable of being 
baked simultaneously With an inner electrode material such 
as Cu. HoWever, since the dielectric sub stance porcelain com 
position described above has a loW permittivity although the 
temperature characteristic is ?at and it is dif?cult to obtain a 
small siZe and large capacitance multi-layer ceramic capaci 
tor. 

Further, for obtaining a multi-layer ceramic capacitor hav 
ing a ?at temperature characteristics and high permittivity 
(622,000), JP-A No. 10-308321, for example, discloses a 
method of using a dielectric substance porcelain comprising 
sintered grains having a core-shell structure. It is necessary in 
the core-shell structure to diffuse additives such as Mg in the 
crystal grains. HoWever, diffusion of the additives in the crys 
tal grains requires a baking temperature of 1,1000 C. or 
higher. 

SUMMARY OF THE INVENTION 

The invention is intended to provide, in an embodiment, a 
multi-layer ceramic capacitor capable of being sintered at 
1,0800 C. or loWer in a reducing atmosphere, a permittivity of 
2,000 or more, and capable of satisfying a temperature char 
acteristic of X7R characteristic or X8R characteristic. 

The invention provides, in a ?rst embodiment, a multi 
layer ceramic capacitor comprising substantially or nearly 
hexahedron multi-layer ceramics, internal electrodes formed 
in the multi-layer ceramics such that they can oppose to each 
other by Way of dielectric ceramics and can be led alternately 
to different end faces, end termination electrodes formed on 
both end faces of the multi-layer ceramics and connected 
electrically to the internal electrodes led to the end faces 
respectively, in Which the internal electrode comprises Cu or 
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2 
a Cu alloy, the dielectric ceramics are sintered body of a 
perovskite type dielectric substance mainly comprising 
BaTiO3 (BT) constituted With grains having an average value 
for the diameter of 400 nm or less as vieWed on a cross section 

and grain boundaries, and the grain comprises a dielectric 
substance having a domain pattern and a shell formed on the 
surface of the dielectric substance. The cross section need not 
be a cross section in a thickness direction but may mean a 
cross section Which shoWs When polishing the multi-layer 
ceramic capacitor in a polishing direction. In an embodiment, 
each grain possesses a grain boundary around the shell. The 
domain pattern is formed uniquely in a BaTiO3-based 
ceramic. The domain pattern may or may not be observed 
depending on the angle of observation. Typically, the domain 
pattern is a stripe pattern. The grain siZe can be controlled by 
selecting a BaTiO3 (BT) material having a proper diameter 
(smaller than 400 nm). 
According to the above ?rst embodiment of the invention, 

a multi-layer ceramic capacitor capable of satisfying the tem 
perature characteristic of X7R characteristic or X8R charac 
teristic can be obtained. Further, since dielectric ceramics 
With the permittivity of 2,000 or higher can be obtained by 
baking under a reducing atmosphere at a relative loW tem 
perature of 1,0800 C. or loWer, a multi-layer ceramic capaci 
tor small in the siZe and large in the capacitance can be 
obtained. 

Further, the invention provides, in a second embodiment, a 
multi-layer ceramic capacitor in Which t/ D is from 2% to 10% 
Where D represents an average value for the diameter of the 
grains as vieWed on the cross section and t represents an 
average value for the thickness of the shell. The t/D can be 
controlled by manipulating a baking temperature for forming 
the sintered body and/or a stirring time of the ingredients. 
According to the embodiment, a multi-layer ceramic capaci 
tor capable of satisfying the temperature characteristic of 
X7R characteristic and X8R characteristic and having a life 
time property not suffering from deterioration for 24 hours or 
more under a circumstance of 1500 C.-20 V/um. 

Further, the invention provides, in a third embodiment, a 
multi-layer ceramic capacitor in Which Cu is distributed in the 
dielectric ceramics put betWeen the internal electrodes. 
According to the third aspect, since Cu is distributed in the 
dielectric ceramics, a potential barrier of the shell and the 
grain boundary is increased, even dielectric ceramics sintered 
in a reducing atmosphere at a relatively loW temperature of 
1,0800 C. or loWer can provide a su?icient insulating property 
to improve the high temperature acceleration life time prop 
erty. 

In an embodiment, the invention can provide a multi-layer 
ceramic capacitor that can be sintered at 1,0800 C. or loWer in 
a reducing atmosphere, has a permittivity of 2,000 or more 
and can satisfy the temperature characteristic of X7R charac 
teristic or X8R characteristic. 

For purposes of summarizing the invention and the advan 
tages achieved over the related art, certain objects and advan 
tages of the invention are described in this disclosure. Of 
course, it is to be understood that not necessarily all such 
objects or advantages may be achieved in accordance With 
any particular embodiment of the invention. Thus, for 
example, those skilled in the art Will recogniZe that the inven 
tion may be embodied or carried out in a manner that achieves 
or optimiZes one advantage or group of advantages as taught 
herein Without necessarily achieving other objects or advan 
tages as may be taught or suggested herein. 

Further aspects, features and advantages of this invention 
Will become apparent from the detailed description of the 
preferred embodiments Which folloW. 
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DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS 

These and other features of this invention will now be 
described with reference to the drawings of preferred 
embodiments which are intended to illustrate and not to limit 
the invention. The drawings are oversimpli?ed for illustrative 
purposes and are not to scale. 

FIG. 1 is a schematic cross sectional view showing a multi 
layer ceramic capacitor according to an embodiment of the 
invention (in an embodiment, the number of layers may be 
100 to 1,000); 

FIG. 2 is an enlarged view for a portionA in FIG. 1; 
FIG. 3 is a schematic view showing a ?ne structure of 

grains according to an embodiment of the present invention; 
and 

FIG. 4 is a view showing a method of measuring an average 
value for the diameter of grains and an average value for the 
thickness of the shells according to an embodiment of the 
present invention. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

A multi-layer ceramic capacitor according to an embodi 
ment of the invention is to be described by way of preferred 
embodiments. As shown in FIG. 1, a multi-layer ceramic 
capacitor 1 according to the embodiment has a multi-layer 
ceramic 2 constituted with layered dielectric ceramics 3 and 
internal electrodes 4 formed being opposed to each other by 
way of the dielectric ceramics. End termination electrodes 5 
are formed on both end faces of the multi-layer ceramic 2 so 
as to be connected electrically with the internal electrodes, 
and a ?rst plating layer 6 and a second plating layer 7 are 
formed optionally thereon. 

The dielectric ceramics 3 includes grains 8 and grain 
boundaries 12 as shown in FIG. 2. The grain 8 comprises a 
dielectric substance 9 and a shell 10 formed on the surface of 
the dielectric substance 9 as shown in FIG. 3, and the dielec 
tric substance 9 has a stripe-shaped domain pattern 11. The 
domain pattern is a pattern recogniZed under observation of 
TEM (Transmission Electron Microscope) for the cross sec 
tion of the dielectric ceramics, which appears by spontaneous 
polarization of crystal grains. Since the optical characteristics 
are different between the dielectric substance 9 and the shell 
10, the boundary is observed relatively distinctly. 
The shell 10 is formed when additives, for example, rare 

earth compounds and Mn compounds and a portion of the 
dielectric substance 9 are melted into a sintering aid in a liquid 
phase to form a solid solution and precipitated again on the 
surface of the dielectric substance 9 in the course of the 
baking process. The shell 10 has an insulation resistance 
higher than that of the dielectric substance 9 and the life time 
property is improved as the thickness of the shell increases. 
The rare earth compounds include at least one oxide of metals 
selected from La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, Lu and Y. Further, the Mn compounds include oxides 
such as MnO, MnCO3, and Mn3O4. Further, the grain bound 
ary 12 is present between the grains in which the sintering aid 
or additives formed as a liquid phase are present. 
On the other hand, the temperature characteristic is deter 

mined depending on the siZe of the grains and the balance 
between the dielectric substance and the shell. For obtaining 
a multi-layer ceramic capacitor having X7R characteristic or 
X8R characteristic, dielectric ceramics with the average 
value for the diameter of the grains of 400 nm or less are used. 
In a case where the average value for the diameter of the 
grains is 400 nm or less, since the permittivity of the grain per 
se is lowered compared with that of more than 400 nm, the 
temperature change of the permittivity is decreased to obtain 
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4 
a ?at temperature characteristic for a wider temperature 
range. Further, for compatibiliZing favorable life time prop 
er‘ty and the temperature characteristic such as X7R charac 
teristic or X8R characteristic, dielectric ceramics with t/ D of 
from 2% to 10% where D represents the average value for the 
diameter of the grains and t is the average value for the 
thickness of the shells are used. The X7R characteristic 
means the rate of change of the permittivity of 115% within a 
temperature range of from —55° C. to 125° C. with the per 
mittivity at 25° C. being as a reference. Further, the X8R 
characteristic means the rate of change of the permittivity of 
115% within a temperature range of from —55° C. to 150° C. 
with the permittivity at 25° C. being as a reference. 
A method of calculating the average value D for the diam 

eter of the grains and the average value t for the thickness of 
the shells is to be described with reference to FIG. 4. First, the 
cross section of the dielectric ceramic layer is observed by 
TEM under magni?cation and measurement is conducted for 
one grain 8 as described below. A circle XO is drawn so as to 
surround the grain 8 and then four lines X1, X2, X3, and X4 
are drawn so as to equally divide the circle XO into eight 
portions (the angle formed at the center by two adjacent lines 
is 45°). Line X1 is drawn in a thickness direction, and line X3 
is drawn in a direction perpendicular to the thickness direc 
tion. Then, for line X1, a length L across the grain 8 is 
measured. Then, the width W1 and the width W2 from the 
boundary between the dielectric substance 9 and the shell 10 
to the grain boundary is measured to calculate: (W1+W2)/ 
2:W. Calculation for L and W is also conducted for lines X2, 
X3, and X4 to calculate the average values for L and W on one 
grain. Then, this is conducted for the grains by the number of 
100 and the average value D for the diameter of the grains is 
determined based on the average value of L and t is deter 
mined based on the average value of W. 

Further, in a case of constituting the dielectric ceramic 3 
with a sintered body of a perovskite type dielectric material 
mainly comprising BaTiO3, dielectric ceramics with the per 
mittivity of 2,000 or more are obtained. The perovskite type 
dielectric substance mainly comprising BaTiO3 includes 
BaTiO3, as well as those substituting a portion of Ba for Ca or 
Sr, and those substituting a portion of Ti for Zr or Hf. 
The perovskite type dielectric substance mainly compris 

ing BaTiO3 is often baked usually at a temperature of 1,100° 
C. or higher and when it is densi?ed in a reducing atmosphere 
at 1,080° C. or lower or 1,000° C. or lower using a sintering 
aid or the like, the insulation resistance is lowered to deterio 
rate the life time property. However, in a case of forming the 
internal electrodes 4 with Cu or a Cu alloy, a portion of Cu of 
the internal electrodes 4 diffuses into the dielectric ceramics 
3, particularly, the dielectrics 3 put between the internal elec 
trodes 4. The potential barrier of the shell 10 and the grain 
boundary 12 is increased by diffused and distributed Cu to 
obtain a su?icient insulating property, and the high tempera 
ture acceleration life time property is improved. The Cu alloy 
includes CuiNi alloys, CuiAg alloys, etc. 
The internal electrodes 4 are formed by printing a conduc 

tive paste to a ceramic green sheet by a method of screen 
printing or the like. Further, a portion of Cu can be diffused 
from the internal electrodes 4 into the dielectric ceramics 3 by 
applying a heat treatment at a temperature of about 700° C. in 
a nitrogen atmosphere or the like after sintering (including 
temperature lowering stage in the baking step). 
End termination electrodes 5 comprise Cu, Ni, Ag, CuiNi 

alloy, or CuiAg alloy and are formed by coating and baking 
a conductive paste to the multi-layer ceramics 2 after baking, 
or by coating a conductive paste to a not baked multi-layer 
ceramics 2 and baking simultaneously with the baking of the 
multi-layer ceramics 2. On the end termination electrodes 5, 
plating layers 6, 7 are formed by electrolytic plating or the 
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like. The ?rst plating layer 6 has a role of protecting the end 
termination electrodes 5 and comprises, for example, With Ni 
or Cu. The second plating layer 7 has a role of improving the 
solder Wettability and comprises Sn or Sn alloys. 

In the present disclosure Where conditions and/or struc 
tures are not speci?ed, the skilled artisan in the art can readily 
provide such conditions and/or structures, in vieW of the 
present disclosure, as a matter of routine experimentation. 

The effect of the invention in embodiments is to be 
describedbased on speci?c examples. First, as shoWn in Table 
1, raW materials M1 to M14 Were provided. 

6 
electrode pattern. Ceramic green sheets on Which the internal 
electrode pattern Was formed Were stacked by the number of 
20 sheets, press bonded, and then cut and divided each into a 
siZe of 4.0><2.0 mm to form green chips. The green chip Was 
removed With the binder in a nitrogen atmosphere and, suc 
cessively, baked at a baking temperature shoWn in Table 2 in 
a reducing atmosphere. The baking pattern Was set such that 
the temperature shoWn in Table is kept for 2 hours, then the 
temperature Was loWered to about 700° C. and kept for 2 
hours While changing atmosphere With a nitrogen atmo 
sphere, and then loWered to a room temperature. After baking, 

TABLE 1 

Additives Sintering aid 
Dielectric BT grain (mol) (mol) 

material Main ingredient size (pm) MnO Rare Earth B203 Li2O SiO2 

M1 BaTiO3 0.28 0.5 None 0.2 0.9 0.9 
M2 BaTiO3 0.28 None Dy2O3: 0.25 0.2 0.9 0.9 
M3 BaTiO3 0.28 0.5 Dy2O3: 0.25 0.2 0.9 0.9 
M4 BaTiO3 0.33 0.5 Dy2O3: 0.25 0.2 0.9 0.9 
M5 BaTiO3 0.40 0.5 Dy2O3: 0.25 0.2 0.9 0.9 
M6 BaTiO3 0.45 0.5 Dy2O3: 0.25 0.2 0.9 0.9 
M7 BaTiO3 0.28 0.5 Gd2O3: 0.25 0.2 0.9 0.9 
M8 BaTiO3 0.28 0.5 H0203 0.25 0.2 0.9 0.9 
M9 BaTiO3 0.28 0.5 Er2O3: 0 25 0.2 0.9 0.9 
M10 BaTiO3 0.28 0.5 Yb2O3: 0 25 0.2 0.9 0.9 
M11 BaTiO3 0.28 0.5 Y2O3: 0 25 0.2 0.9 0.9 
M12 Ba(TiOO_9ZrO_1)O3 0.28 0.5 Dy2O3: 0 25 0.2 0.9 0.9 
M13 (BaO_9SrO_1)TiO3 0.28 0.5 Dy2O3: 0 25 0.2 0.9 0.9 
M14 (BaO_9CaO_1)TiO3 0.28 0.5 Dy2O3: 0.25 0.2 0.9 0.9 

The addition amounts of the additives and the sintering aid 
are described by the number of moles based on 100 mol of the 
main ingredient. Further, for the siZe of BT grains, the starting 

a Cu end termination electrode paste Was coated on the 
exposed surface of the internal electrodes and baked in an 
inert gas. 

. . . 35 

p_OWd€ir for the mam mgredlegt Was obsgrvéd byhSEM _(sce_m' For the thus obtained multi-layer ceramic capacitors siZed 
agsé?lggglorgotiiopzigg her ltlllligglllnfglgrogiqgggrzillzistl?g 3 .2><1 .6 mm and having a thickness of the dielectric ceramics 
rain Size Was de?ned gas the ail/era e Value for then; betWeen the internal electrodes of 4 pm, the average value for 

g g _ ' _ _ the grain siZe, t/ D, permittivity, temperature characteristic 
In the present examples, the numerical numbers appl1ed1n 40 d h- h t m 1 t- 1- f t- d 

embodiments can be modi?ed by a range of at least 150% in an 1g eimpera re Scce era Ion 1 e 1m? ‘Siffre measure 
other embodiments and the ranges applied in embodiments and collectively shown in Table 2. The permittivity Was deter 
may include or excl’ude the endpoints mined by measuring static capacitance at 25° C. by an LCR 

' meter, and conducting calculation based on the crossing area 

Example 1 of the multi-layer ceramic capacitor as a specimen, and the 
45 thickness and the number of la ers of the dielectric ceramics. y 

A Starting material M3 in table 1 Was provided which Was Further, the temperature characteristic Was evaluated as sat 
wepmixed for 15 hours in a ball mill calcined at’400o C for isfactory for those having the change of the static capacitance 

’ ' ' ' 0 o o 

2 hours in an atmospheric air after drying and dry-pulverized Wlthm a Zange of 1105 A’ from _5 C‘ to 125 C‘ (X7R) or 
to obtain a dielectric material poWder. Then, polyvinyl buty- 50 froom _55_ C' to 150 C' (X8R)W1ththe slanc 6313301131106?t 
lal, an organic solvent, and a plasticiZer Were admixed to the 2_5 C~ b61113 as a reference~ Further: the hlgh tempermure hfe 
powder to fonn a Ceramic Slurry The Ceramic Slurry was time Was estimated as “o”When measurement Was conducted 
sheeted by a roll coater to obtain a ceramic green sheet of 5 um for each ofthe SpecimenS by the number of 1_5 under a load at 
thickness, A Cu internal electrode paste (specimen L1) or an 1500 C. for 20 V/um and in a case Where the time at Which the 
Ni internal electrode paste (specimen 1-2) Was coated on the insulating resistance value loWered to 1 M9 or less Was 24 
ceramic green sheet by screen printing to form an internal hours or more. 

TABLE 2 

Dielectric 
Stirring Baking Grain characteristic 

Specimen Dielectric time Internal temperature size Temperature Life time 
No material (hr) Electrode (° C.) (pm) t/D Permittivity characteristic characteristic 

1-1 M3 15 Cu 1000 0.28 5% 2010 X8R 0 
1-2 M3 15 Ni 1000 0.28 5% 2100 X7R X 
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From the results described above, the specimen using the 
internal electrodes formed of Cu could provide a multi-layer 
ceramic capacitor having a permittivity of 2,000 or more, and 
a temperature characteristic capable of satisfying X7R char 
acteristic or X8R characteristic and having a favorable high 
temperature acceleration life time property. On the other 
hand, in another specimen having internal electrodes formed 
of Ni, the high temperature acceleration life time property 
could not satisfy a desired level by the baking at 1,0000 C. 

8 
property Was loWered. In a case Where it Was more than 10%, 

the temperature characteristic did not satisfy the X7R char 
acteristic or X8R characteristic. As can be seen from Table 3, 

t/D can be controlled by controlling the baking temperature 
and the stirring time. 

Example 3 
10 

Example 2 

A starting material M4 in Table 1 Was provided and multi- Starting materials M1 and M2 in Table 1 Were provided, 
layer ceramic capacitors Were formed in the same manner as mum-layer ceramic capacitors were formed in the same man 

ln Example 1 6x061)t for uslng the Condmons of the Snmng 15 ner as in Example 1, and the average value for the grain siZe, 
time for the Wet mixin and the bakin tem erature shoWn in . . . . . 

g . p _ t/D, the perm1tt1v1ty, the temperature charactenst1c, and the 
Table 3. The average value for the gra1n s1Ze, t/D, the permit- _ _ _ _ 
tivitys the temperature Characteristic’ and the high tempera_ h1gh temperature accelerat1on l1fe time were measured and 
ture acceleration life time Were measured and collectively collecnvely shown In Table 4~ 11111115 Case, the effect of the 

shoWn in Table 3. additives Was veri?ed. 

TABLE 3 

Dielectric 

Stirring Baking Grain characteristic 

Specimen Dielectric time Internal temperature size Temperature Life time 

No. material (hr) Electrode (0 C.) (um) t/D Permittivity characteristic characteristic 

2-1 M4 15 Cu 1000 0.33 4% 2520 X8R 0 

2-2 M4 20 Cu 1000 0.33 5% 2540 X8R 0 

2-3 M4 25 Cu 1000 0.35 7% 2680 X7R 0 

2-4 M4 30 Cu 1000 0.35 10% 2700 X7R 0 

2-5 M4 40 Cu 1000 0.35 15% 2750 NG 0 

2-6 M4 15 Cu 980 0.33 2% 2480 X8R 0 

2-7 M4 15 Cu 960 0.33 1% 2420 X8R X 

40 

From the results described above, those specimens using 
the internal electrodes formed of Cu, having the average value 
for the diameter of the grains of 400 nm or less and With t/D 

of from 2 to 10% could provide multi-layer ceramic capaci- 45 

tors having the permittivity of 2,000 or more, and the tem 

TABLE 4 

Dielectric 

Stirring Baking Grain characteristic 

Specimen Dielectric time Internal temperature size Temperature Life time 

No. material (hr) Electrode (0 C.) (um) t/D Permittivity characteristic characteristic 

3-1 M1 15 Cu 1000 0.30 4% 2050 X8R X 

3-2 M2 15 Cu 1000 0.36 7% 2810 X7R X 

perature characteristic capable of satisfying X7R character 
istic or X8R characteristic, and having a favorable high 
temperature acceleration life time property. On the other 
hand, in a case Where t/D Was less than 2%, the life time 

From the results described above, it Was found that the life 
65 time property Was loWered in a case Where only one of the Mn 

oxides and the rare earth oxides Was contained as the addi 

tives. 
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Example 4 From the results described above, the multi-layer ceramic 
_ _ _ _ capacitors, so long as they are Within speci?c ranges, can 

Stamng mater 12115 M5 and M6 111 Table 1 Were PrOVlded, provide multi-layer ceramic capacitors that can be sintered at 
multi-layer ceramic capacitors Were formed in the same man 
ner as in Example 1, and the average value for the grain siZe, 5 
t/ D, the permittivity, the temperature characteristic, and the 
high temperature acceleration life time Were measured and 
collectively shoWn in Table 5. 

1,0800 C. or loWer in a reducing atmosphere, have a permit 
tivity of 2,000 or more, and satisfy the temperature charac 
teristic of the X7R characteristic or the X8R characteristic. 

TABLE 5 

Dielectric 
Stirring Baking Grain characteristic 

Specimen Dielectric time Internal temperature size Temperature Life time 
No. material (hr) Electrode (0 C.) (um) t/D Permittivity characteristic characteristic 

4-1 M5 15 Cu 1000 0.40 5% 3010 X7R 0 
4-2 M6 15 Cu 1000 0.45 4% 3530 NG O 

20 

From the results described above, the specimen having the The present application claims priority to Japanese Patent 
internal electrodes of Cu and having the average value for the Application No. 2006-281923, ?led Sep. 15, 2006, the dis 
diameter of the grains of 0.40 um, that is, 400 nm could closure of Which is incorporated herein by reference in its 
provide a multi-layer ceramic capacitor satisfying the tem- entirety. 
perature characteristic of the X7R characteristic. On the other 25 It Will be understood by those of skill in the art that numer 
hand, another having the average value for the diameter of the ous and various modi?cations can be made Without departing 
grains of 0.45 um did not satisfy the temperature character- from the spirit of the present invention. Therefore, it should be 
istic of the X7R characteristic or the X8R characteristic. clearly understood that the forms of the present invention are 

illustrative only and are not intended to limit the scope of the 
Example 5 30 present invention. 

Starting materials M7 to M14 in Table 1 Were provided, What is Claim?d iSI 
multi-layer ceramic capacitors Were formed in the same man- 1. A multi-layer ceramic capacitor having substantially 
ner as in Example 1, and the average value for the diameter of hexahedron multi-layer ceramics, internal electrodes formed 
the grains, t/ D, the permittivity, the temperature characteris- 3 5 in the multi-layer ceramics such that they are opposed to each 
tic, and the high temperature acceleration life time Were mea- other by Way of the dielectric ceramics and led out alternately 
sured and collectively shoWn in Table 6. Veri?cation Was to different end faces, and end termination electrodes formed 
conducted to a case of changing the kind of the rare earth and on both end faces of the multi-layer ceramics and connected 
a case of changing the perovskite dielectric substance as the electrically to the internal electrodes led out to the end faces 
main ingredient. respectively, in Which 

TABLE 6 

Dielectric 
Stirring Baking Grain characteristic 

Specimen Dielectric time Internal temperature size Temperature Life time 
No. material (hr) Electrode (0 C.) (um) t/D Permittivity characteristic characteristic 

5-1 M7 15 Cu 1000 0.28 4% 2020 X8R 0 
5-2 M8 15 Cu 1000 0.28 6% 2010 X8R 0 
5-3 M9 15 Cu 1000 0.28 5% 2060 X8R 0 
5-4 M10 15 Cu 1000 0.28 4% 2040 X8R 0 
5-5 M11 15 Cu 1000 0.28 5% 2040 X8R 0 
5-6 M12 15 Cu 1000 0.28 5% 2420 X7R 0 
5-7 M13 15 Cu 1000 0.28 6% 2130 X7R 0 
5-8 M14 15 Cu 1000 0.28 6% 2220 X7R O 

From the results described above, even in a case of chang- the internal electrode is formed of Cu or a Cu alloy, 
ing the kind of the rare earth With those other than Dy or 
changing the perovskite dielectric substance as the main 60 
ingredient, those specimens having the internal electrodes 
formed of Cu and having the average value for the diameter of 
the grains of 400 nm, and With t/D of from 2% to 10% could 
provide multi-layer ceramic capacitors satisfying the tem 
perature characteristic of the X7R characteristic or X8R char- 65 the grain is constituted With a dielectric Substance having a 
acteristic and having favorable high temperature acceleration domain pattern and a Shell fOrmed On the Surface ofthe 
life time property. dielectric substance, 

the dielectric ceramics are a sintered body of a perovskite 

dielectric sub stance material mainly comprising BaTiO3 
constituted With grains With an average value for the 
diameter of 400 nm or less as vieWed on the cross section 

and a grain boundary, and 
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wherein Cu is distributed in the dielectric ceramics put 
betWeen the internal electrodes, 

Wherein t/D is from 200 to 10% Where D represents an 
average value for the diameter of the grains as vieWed on 
the cross section and t represents the average value for 
the thickness of the shells. 

2. A multi-layer ceramic capacitor comprising: 
substantially or nearly hexahedron multi-layer ceramics 

comprised of a plurality of dielectric ceramic layers 
stacked in a thickness direction and having tWo end 
surfaces opposite to each other formed by ends of the 
plurality of dielectric ceramic layers; 

internal electrodes each formed betWeen the respective 
dielectric ceramic layers stacked next to each other, said 
internal electrodes extending alternately from the 
respective tWo end surfaces; and 

end termination electrodes formed on both of the tWo end 
surfaces and electrically connected to each of the inter 
nal electrodes extending therefrom, Wherein 

each internal electrode is constituted of Cu or a Cu alloy, 

each dielectric ceramic layer is a sintered body of a per 
ovskite dielectric sub stance material mainly comprising 
BaTiO3 constituted by grains having an average diam 
eter of 400 nm or less as vieWed cross-sectionally and 

grain boundaries, and 
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the grain is constituted by a dielectric substance having a 

domain pattern and a shell formed on the surface of the 
dielectric substance, 

Wherein Cu exists diffused and distributed in the dielectric 
ceramic layers from the internal electrodes contacting 
the dielectric ceramic layers, 

Wherein t/D is from 2% to 10% Where D represents an 
average diameter of the grains as vieWed on a cross 
section and t represents an average thickness of the 
shells. 

3. The multi-layer ceramic capacitor according to claim 2, 
Which has a permittivity of 2000 or more and satis?es the 
X7R or X8R characteristics. 

4. The multi-layer ceramic capacitor according to claim 2, 
Wherein each dielectric ceramic layer has a thickness of 1 pm 
to 10 pm. 

5. The multi-layer ceramic capacitor according to claim 2, 
Wherein each dielectric ceramic layer further comprises a rare 
earth compound and a Mn oxide compound. 

6. The multi-layer ceramic capacitor according to claim 5, 
Wherein the rare earth compound includes at least one oxide 
of metals selected from the group consisting of La, Ce, Pr, Nd, 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu andY. 

7. The multi-layer ceramic capacitor according to claim 2, 
Wherein the shell is a precipitate When forming the sintered 
body. 


